Abstract. In this paper, single-layer linear-to-circular polarization transformer is proposed, which is composed of 3×3 metallic strips array. Firstly, the novel approach of "fission transmission of EM waves" based on the sequence of incident and transmission waves product cause additional transmission of orthogonal components. The axial ratio is less than 1.0 dB and accumulative axial ratio bandwidth of 17.05% is achieved at four frequency bands ranging from 12-18GHz for circular polarization. Theoretical analysis and microwave experiments are presented to validate the performance of the structure. While the measured results are in good agreement with simulation.
Introduction
Circular polarization has great importance because it achieves the lower susceptibility, atmospheric absorption and multipath. Many efforts are made to manipulate the polarization state from microwave to optical frequencies by using photonic metamaterial [1] , chiral metamaterial [2] , metasurface, metamaterials [3] , meander-line [4] , slots of different structures [5] , gold helix structures [6] , multilayers three dimensional metamaterial in microwave [7] , planer metamaterial surface [8] , anisotropic meta-mirror [9] , circularly polarizing reflectors [10] , quarter-wave plate based on plasmonic metasurfaces [11] , bi-anisotropic metamaterial, [12] , dielectric meta-reflectarray [13] and metamaterials for planarized ultrathin broadband circular polarizers [14] , respectively.
The multilayer structures are introduced to minimize insertion loss, for instance, using stacked dual-layer periodic array, which are separated by identical dielectric spacers [15] , such structures obtain narrow axial ratio bandwidth at resonant frequencies. Whereas, multilayer meander-line circular polarizer [16] have excellent performance but they are expensive and fabrication becomes challenging because they contain up to eight layers.
The wave guide polarizers achieve broadband with axial ratio less than 3dB. Researchers has recommended that avoid to use heavy waveguide walls and use two dimensional grating to design circular polarizer [17, 18] . The polarization control is achieved by reflected waves for reflective metasurface [19] . Using an ultra-thin reflective metasurface to achieve broadband liner-to-circular polarization conversion [20] .
In this paper, the novel approach of "fission transmission of electromagnetic waves" is firstly introduced to obtain strong optical activity which means that the incident linearly polarized wave is converted into two orthogonal components through lower printed metallic strips layer. Simultaneously, the two transmitted orthogonal components impinges on the upper printed strips along +z direction and converted into four orthogonal vector components at the end of structure. In order to sequence of projection and transmission of orthogonal components through printed metallic strips produce strong circular dichroism. The significant advantages of this proposed design model over present available polarizers is obtained, such as, multi-broadband, good circular polarization, simple structure, easy fabrication and can be used for the microwave applications, e.g., radiometer, sensors, antenna radome. The designed multi-band circular polarizer is fabricated and measured results are in very good agreements to numerical simulation results. Figure 1 (a) depicts the unit cell of proposed circular polarizer, which shows the two metallic strips are printed both sides of single layer with different dimensions, where the top printed strip is tilted at 45 o and the bottom strip is slanted at 85 o along XOY plane, respectively. The dielectric Roger RT/duroid5880 is chosen with relative permittivity ℰ‫ݎ‬ and thickness t. The length and the width of the metallic strips are represented by l and w, respectively, whereas, the thickness of strips is assumed to be negligible as compare to operational wavelength.
Designed Structure
The dielectric substrate Roger RT/duroid5880 is employed with relative permittivity ℰ‫2.2=ݎ‬ and loss tangent of 0.0009. The substrate thickness t = 0.787 mm. The dielectric substrate printed with periodic metallic strips with total length l = 10 mm and w = 2.5mm. The metallic strips are made of (PEC) with thickness 0.001mm. The structure periodic boundary conditions are applied along x and y direction are represented by px = 26mm and py = 26 mm, respectively. The unit cell periods along xand y-direction are represented by px and py, respectively, as shown in Figure 1. (a) . 
Simulated and Experimental Results
The measurement is carried out to validate the simulation results. The fabricated sample is perpendicular placed in the middle between two linearly polarized horn antennas one is working as transmitter and other as receiver. The distance between fabricated sample and antenna is equal to the numerical simulation approximately. The antennas are connected to two ports of vector network analyzer of Agilent N5230C, which produce EM micro wave in the range of 12-18 GHz. As shown in Figure2. For the measurement of cross-polar transmission, one horn antenna is placed vertically while other horizontally in order of transmitter-receiver alignment. The measured co-polar reference is used for the cross-polar measurements.
Figure3 (a) represents the simulated and measured transmission coefficients of T xx under the normal incidence of electric field. The transmission coefficients are 17.34 dB, 17.75 dB (f1 = 13.40 GHz), 15.30 dB, 11.44 dB (f2 = 15.04GHz), 14.84 dB, 12.28 dB (f3 = 15.42 GHz), and 11.34 dB, 11.00 dB (f4 = 16.26 GHz), respectively. Figure3 (b) depicts the simulated and measured transmission coefficients of and T xy which are 1.05 dB, 1.04 dB (f1), 1.86 dB, 1.62 dB (f2), 2.70 dB, 4.36 dB (f3), and 1.20 dB, 1.93 dB (f4), respectively. The simulated and measured axial ratio is calculated as shown in Fig 3(c) , and the corresponding phase differences results are presented in Figure 3 (d) which attributes the values of phase difference at the operated frequency bands, where, the values of axial ratio are 0.06 dB (0.08 dB), 0.12 dB (0.15 dB), 0.192 dB (0.37 dB), and 0.11 dB (0.17 dB), respectively. The corresponding phase differences are calculated to be -82.70o, -87.06o (f1), 77.29o, 82.52o (f2), 80.85o, 85.11o (f3), and 87.84o, 90.210 (f4), respectively. Figure 3(c) represents the large axial ratio bandwidths at the seven different resonance frequencies ranging from 12GHz-18GHz, which are contained at 12.90-13.58GHz, BW = 4.53% ,15.04-15.08 GHz, BW= 0.26% , 15.40-15.50 GHz, BW= 0.66%, and 16.04-18.0 GHz, BW=11.60% , respectively. It is shown that the accumulated axial ratio bandwidth of 17.05% is obtained at the seven corresponding frequency bands ranging from 12GHz-18GHz.
The RHCP wave are obtained at Band2=15.04-15.08 GHz, Band3=15.40-15.50 GHz, Band4= 16.04-18.0 GHz, respectively and LHCP wave are achieved at Band1 = 12.90GHz-13.58GHz, respectively. The small difference between measurement and simulation results due to manufacturing and experimental errors. 
Conclusion
In summary, it is observed that the proposed structure based on periodic metallic strips has good circular polarization efficiency, broad operating bandwidth at each resonant frequency bands. The accumulative axial ratio bandwidth of the circular polarizer is broaden of 17.05% over the entire frequency bands ranging from 12GHz-18GHz. This makes our design potentially useful for many practical systems. The designed model of polarizer is very simple and can be easily fabricated. Moreover, it can possible to enhance the bandwidth performance by changing some parameters, such as, size of strips, thickness of substrate and strips, by changing the orientation of strips. The overall performance of the polarizer has been investigated by the experimental test including axial ratio and phase difference for both reflection and transmission waves.
